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A .Hivert 

ABSTRACT. A high-temperature t e n s i l e  t e s t i n g  machine with 
accurate recording of t h e  s t ress -s t ra in  diagram, t o  deter-  
mine t h e  mechanical res is tance of s intered r e f r a c t o r y  c a r  
bides of GroupsIV and V t r a n s i t i o n  metals, i s  described. 
Standard specimens of 30% residual  porosity, prepared by 
s i n t e r i n g  f i n e l y  divided powders of tantalum, titanium, or  
zirconium carbide, were used. The t e n s i l e  s t rength VS. 
temperature curve w a s  located below t h e  polycrys ta l l ine  
graphite curve f o r  titanium and zirconium carbide, while it 
w a s  above t h i s  curve f o r  tantalum carbide, a t  a l l t e m p e r a -  
t u r e s  from room temperature t o  3Z0O0C. The high s e n s i t i v i t y  
t o  thermal shock of  tantalum carbide i s  overcome by i n f i l -  
t r a t i o n  of porous skeletons with copper o r  s i l v e r ,  imparting 
res i s tance  t o  thermal f luxes of 2300 w/cm2 t o  t h e  mater ia l  
and making it su i tab le  f o r  high-temperature appl icat ions.  

The carbides of t r a n s i t i o n  metals of Groups IV and V of t h e  Periodic Table 
are characterized by extremely high melting points.  This charac te r i s t ic ,  very 
valuable f o r  t h e i r  use a t  high temperatures, requires  s i n t e r i n g  f o r  preparing 
t h i s  type of material .  The study of  the  s i n t e r i n g  process i s  done by r e t r a c t -  
ometry. In a l l  cases, a blocking of the contraction i s  produced before t h e  
t h e o r e t i c a l  densi ty  i s  reached. 
t h e  grain.  

The cause of t h i s  phenomenon i s  a coarsening of 

The res idua l  porosi ty  i s  a function of t h e  dens i ty  before s in te r ing .  Be- 
s i d e s  t h i s ,  minor addi t ions may exert a considerable inf luence i n  t h e  sense of 
an a c t i v a t i o n  or,  conversely, of an inhibi t ion.  

S in te r ing  under load y ie lds  a b e t t e r  approach t o  t h e  t h e o r e t i c a l  density.  
However, t h e  process of macrocrystall ization intervenes here and i n t e r r u p t s  t h e  
shrinkage. 

Numerous propert ies  of re f rac tory  carbides have already been studied and 
published. 
pera tures  a r e  ra re ,  fragmentary, frequently contradictory, and d i f f i c u l t  t o  c o w  
pare because of t h e  discrepancy i n  t h e  experimental conditions. 

However, l i t e r a t u r e  data  on t h e  mechanical res i s tance  a t  high tem- 

We invented and developed equipment for t e n s i l e  t e s t i n g  a t  extreme tempera- 
t u r e s ,  ensuring an accurate recording o f  t h e  s t ress -s t ra in  diagram. 

Specimens of standardized type, having a res idua l  porosi ty  of 3O%, were pre- 

x 
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pared by s i n t e r i n g  f i n e  powders of tantalum carbide, titanium carbide, o r  z i r -  
conium carbide. 

By means of these specimens, it became poss ib le  t o  p l o t  t h e  t e n s i l e  s t rength  
curve as a funct ion of t h e  temperature f o r  each of t h e  t h r e e  r e f r ac to ry  compon- 
ents.  
l i n e  graphi te  which i s  t h e  c l a s s i c a l  mater ia l  s t i l l  preferable  i n  a l l  cases un- 

For T i c  and Z r C ,  these  curves are d i s t i n c t l y  below t h a t  of polycrystal-  

less it might be outranked i n  t h e  future.  L& 
Conversely, f o r  tantalum carbide, t h i s  curve i s  above t h e  graphi te  curve 

over t h e  e n t i r e  temperature range, from room temperature t o  3x>0°C. 

This advantage would point toward i n t e r e s t i n g  p r a c t i c a l  appl ica t ions  f o r  
t h i s  carbide, except t h a t  t h i s  mater ia l  has a high s e n s i t i v i t y  t o  thermal shock 
which, i n  t h i s  respect,  makes it resemble s in te red  alumina. 

I n f i l t r a t i o n  of porous skeletons by copper o r  s i l v e r  permits removing t h i s  

In s tud ie s  of t h e  s o l u b i l i t y  of tanta-  
f requent ly  e l iminat ive drawback. Under these  conditions, i n i t i a l  thermal f luxes 
as high as ZOO0 w/cm2 can be to le ra ted .  
l u m  carbide i n  copper and s i lve r ,  it was found t h a t  t h e  metal of i n f i l t r a t i o n  
( i n f i l t r a n t )  does not damage t h e  re f rac tory  skeleton during i t s  use. 

A bene f i c i a l  influence of t h e  metal on t h e  ox id izab i l i t y  of carbon i s  demon- 
s t r a t e d  i n  thermogravimetric tests. 

Translated fo r  t h e  National Aeronautics and Space Administration by t h e  
0 .W.Leibiger Research Laboratories, Inc . 
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